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The thesis entitled “Stereoselective Synthesis and Biological Evaluation of 
Stagonolide-F, (+)-Nephrosteranic Acid and Photochemical Studies of 
Supramolecular Assemblies” has been divided mainly into two parts. Part I is dealt 
with the synthesis of natural products and their biological evaluation and is divided 
into two chapters. In the first chapter, “Concise synthesis of stagonolide-F by ring 
closing metathesis approach and its biological evaluation” is described and in the 
second chapter, “Stereoselective synthesis of (+)-nephrosteranic acid by ring-closing 
metathesis approach and its biological evaluation” is described. Part II is dealt with 
photochemical studies of supramolecular assemblies and is divided into two chapters. 
In the 1 st chapter of part II “Synthesis and photochemical E to Z isomerization of 
lariat aza crown ethers, effect of complexation on photoisomerization” is described 
and in the second chapter of part II “Synthesis and photochemical E to Z 
isomerization, photocycloaddition, complexing properties of non-cyclic polyether 
compounds containing α, ω-diarylacrylate end groups” is described.  
Part 1 
Chapter 1: Concise synthesis of stagonolide-F by ring closing metathesis 
approach and its biological evaluation 
Introduction: 
Macrolides, particularly lactones with medium-sized rings (8-10 membered), 
have continued to attract the attention of both biologists and chemists during recent 
years, due to the interesting biological properties and scarce availability of  
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macrolides. A few examples, in particular of ten-membered-ring containing 
macrolides that display potent biological activity are putaminoxin (3), lethaloxin (4) 
herbarumin I (5) and microcarpalide (Figure 1). The nonenolide (5S, 9R)-5-hydroxy-9-
methyl-6-nonen-9-olide (11) (Figure 2), is one such example, and has been isolated 
from stagonospora circii, a fungal pathogen isolated from Cirsium arvense and 
proposed as a potential mycoherbicide of this perennial noxious weed, produced 
phytotoxic metabolites in liquid and solid cultures. Five new nonenolides, named 
stagonolides B-F (7–11), were isolated by Antonio Evidente et al and characterized 
using spectroscopic methods. 
Chapter I deals with the first total convergent synthesis of 9-membered 
macrolide, stagonolide-F (11), (Fig 2) starting from commercially available 1,5-
pentane diol. A combination of Jacobsen’s hydrolytic kinetic resolution (HKR) and 
Sharpless epoxidation is used for the creation of two stereogenic centers, while ring-
closing metathesis (RCM) strategy was used for the construction of the lactone ring. 
Intrigued by the biological properties and also structural simililarity with highly 
potent (+)-lethaloxin 4, herbarumin I 5, and macrocarpalide 6 (Fig 1) and in 
continuation of our program towards synthesis of biological active compounds, we 
became interested in developing a simple and flexible route to the total synthesis of 
stagonolide-F (11).  
 
 
 
 
 
 
 
 
 
 
Scheme 1   Retrosynthesis of stagonolide-F (11). 
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Synthetic strategy: 
Synthesis of fragment I 
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                               Scheme 2: Synthesis of fragment I 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3: Synthetic strategy of fragment II 
 
 
 
 
Scheme 4. Coupling of fragment I & fragment II 
Reagents and conditions: (i) DCC, DMAP, CH2Cl2, 0 °C–rt, 65%; (ii) HF-pyridine, 
CH2Cl2, rt, 12 h, 75% (iii) (Pcy3)2Cl2Ru=CHPh (12 mole %), CH2Cl2, 40 oC, 48 h, 55%. 
 
The retrosynthetic analysis revealed that 11 could be prepared efficiently by 
RCM protocol from bis-olefin 52 which in turn could be prepared by Steglich 
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esterification of acid 50 and homo allylic alcohol 40. Intermediate 40 could be 
envisaged from racemic propylene oxide 37, while chiral TBDPS protected allyl 
alcohol 50 could be produced from 2R,3S-epoxy alcohol 46. Thus in the present 
strategy (5S)-hydroxy group is installed through Sharpless epoxidation, while the 
(9R)-hydroxy group is introduced by Jacobsen’s hydrolytic kinetic resolution 
(Scheme 1).   
____________________________________________ 
Chapter 2: Stereoselective synthesis of (+)-nephrosteranic acid by ring-closing 
metathesis approach and its biological evaluation 
Introduction 
Lichens, the natural source of paraconic acids are a successful alliance 
between fungi and algae. Each is doing what they do best, and thriving as a result  
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Figure 3 
of natural cooperation-symbiosis. They live as one organism, both inhabiting the same 
body, and produce a variety of substances friendly to environment and human health 
except few poisonous examples. Screening and isolation of molecules from suitable 
lichen symbionts or medicinal plants has resulted in a great number of paraconic acids 
with antineoplastic, antibiotic and antibacterial properties, which prompted many 
researchers to devise new synthetic routes towards these natural products. Paraconic 
acids are naturally occurring γ-butyrolactones, having a carboxylic acid in the β-
position as their characteristic functionality (Figure 3) with potent antibiotic, 
anathematic, antifungal, antitumor, antiviral, anti-inflammatory and cytostatic 
properties. Chapter II deals with efficient synthesis of (+)-nephrosteranic acid from 
dodecanol as a starting material employing Sharpless asymmetric epoxidation as the 
source of chirality, ring-closing metathesis to built the carbon framework and Gilman 
addition of vinyl group as key steps. These key reactions allow a fast access to tri-
substituted γ-butyrolactones.  
Retrosynthetic strategy 
The retrosynthetic analysis of  (+)-nephrosteranic acid 1 (Scheme 5) indicates 
compound 29 is the key intermediate, which is derived from bis-olefin 28 upon ring 
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closing metathesis. Olefin 28 could be envisaged as deriving from asymmetric 
epoxide 26 which would be prepared from inexpensive dodecanol 22. 
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Scheme 5. Retrosynthetic strategy of  (+)-nephrosteranic acid (1) 
Synthetic strategy 
The formal synthesis of target molecule (+)-nephrosteranic acid 1 was initiated 
from commercially available dodecanol 22, which was subjected to PCC oxidation to 
give dodecanal 23 in 95% yield (Scheme 6). 
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Scheme 6 
Compound 23 was subjected to a two-carbon homologation by means of Wittig 
reaction gave a mixture of trans and cis conjugated ester in 88:12 ratio (GCMS). 
Compound 24 was then subjected to chemo-selective reduction using LAH/AlCl3 in 
anhydrous ether to afford allyl alcohol 25 in 86% yield. 
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Scheme 7 
Compound 25 was purified from the reaction mixture by column chromatography and 
taken for Sharpless asymmetric epoxidation with D-(-)-DET which produced 2,3-
epoxy alcohol 26 in 85% yield (Scheme 8). Accordingly, one pot transformation of 
2,3-epoxy alcohol (26) into allyl alcohol (27) was achieved by the in-situ formation of 
the epoxy iodide and its subsequent reduction with phosphine hydroxyiodide in 95 % 
yield. Compound 27 was treated with acryloyl chloride and Et3N in the presence of a 
catalytic amount of DMAP in CH2Cl2 provided the acrylate ester 28 in 75% yield. 
Compound 28 was subjected to ring closing metathesis (RCM) reaction under reflux 
conditions for 24 h in CH2Cl2 in the presence of Grubb’s first generation catalyst (12 
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mole %) following standard RCM procedure, but the expected (5R)-5-undecyl-2,5-
dihydro-2-furanone 29 was obtained in 30 % yield, however the yield of RCM  
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Scheme 8 
product was improved by working with same mole % catalyst but in more dilutions of 
28 as well as catalyst, which indeed minimize the formation of dimeric alkene 
products, arising from undesired cross-metathesis processes. Thus compound 29 was 
obtained in 79 % yield. The conjugate addition of a vinyl group on 29 was carried out 
utilizing a mixed cuprate method (Scheme 9). Thus 1,4-addition product 30 was 
obtained in 81% as a single diastereomer. The crude reaction mixture was analyzed  
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by GC-MS. From the GC-MS analysis it is revealed that compound 29 underwent 
Michael addition of grignard reagent by showing a molecular ion peak 266 
corresponding to compound 30 and further underwent divinylation to give a 
molecular ion 294 and it is compound 30a. The lactone 30 was purified by column 
chromatatography and is α-methylated29 with methyl iodide in excess, and 
NaN(SiMe3)2 as the base furnishing 31 in 76% yield (Scheme 10). As anticipated, 
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the alkylation is diastereoselective, (dr 91: 9) and the Me group in 31 is trans to the β 
substituent. Time dependant reaction analysis was carried out using GC-MS technique 
to find out the accurate ratio of diastereomers as well as the selectivity 
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Table 1 Biological screening of synthesized stagonolide-F and (+)-nephrosteranic 
acid 
A: stagonolide-F; B: (+)-nephrosteranic acid; a) ZI: zone of inhibition (diameter in mm). b) 
MIC (minimum inhibitory concentration in µg/mL) was determined as 90 % inhibition of 
growth with respect to positive growth control. Negative control: DMSO, no inhibition. c) 
IC50: Inhibitory concentration, d) THP-1: Human acute monocytic leukemia cell line, e) U-
937: Human leukemic monocyte lymphoma cell line. 
 
of the reaction. Surprisingly upon prolonging the reaction time, the excess 
diastereomeric ratio is not achieved. GCMS analysis revealed that upon carrying out 
Antimicrobial activity 
Microorganism Zone of Inhibitiona MICb (µg/mL) 
 
A B control A B control 
Bacterial strains  Streptomycin  Nitrofurantoin 
Staphylococcus aureus 16 14 25 100 100 50 
Staphylococcus epidermis 13 14 26 100 125 50 
Escherichia coli 14 15 32 100 100 25 
Psudomonas aeruginosa 17 15 28 200 120 100 
Fungal strains  Clotrimazole  
Saccharomyces serviseae 16 16 23   
Candida albicans 14 13 22   
Aspergillus niger 16 16 18   
Rhizopus orizae 14 15 21   
Cytotoxic activity 
Cell line 
c
 IC50 (µg/mL) 
 A B Control (Etoposide) 
THP-1d 32.67±4.88 27.66±5.92 1.4 
U-937e 34.72±3.45 24.45±4.32 1.2 
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the reaction for 1h, 91:09 (anti:syn) ratio of diastereomers were obtained and upon 
further carrying out the reaction 52:47 ratio of diastereomers were achieved. Based on 
GC-MS analysis the methylation reaction was carried out for 1h to obtain excess 
diastereomeric ratio and the diastereomers obtained were separated by flash 
chromatography and characterized by spectral means. The anti confirmation of α,β 
and β,γ protons were identified based on the coupling constants from 1H-NMR (anti 
coupling constant for α, β protons J = 12.0 Hz, anti coupling constant for β, γ protons 
J = 12.8 Hz). The final step was achieved by the oxidation of double bond by 
(Scheme 11) treatment with RuO4. 
Biological screening of synthesized stagonolide-F and (+)-nephrosteranic 
acid 
The synthesized stagonolide-F and (+)-nephrosteranic acid were evaluated in-
vitro for antimicrobial and cytotoxic activities (Table 1).  Antibacterial activity was 
evaluated out against gram-positive and gram-negative bacterial strains and antifungal 
activity was carried out against pathogenic strains. Cytotoxic activity was evaluated 
against THP-1 and U-937 human cancer cell lines. From the activity results, it is 
observed that stagonolide-F and (+)-nephrosteranic acid has showed potent antifungal 
significant antibacterial and cytotoxic activities against all the tested strains.  
______________________________________________ 
Part 2 
Chaper 1: Synthesis and Photochemical E to Z Isomerization of Lariat Aza 
Crown Ethers, Effect of Complexation on Photoisomerization 
 
Introduction 
Chapter 1 (Part 2) deals with the synthesis of lariat aza crown ethers (Chart 1) 
to study the effect of complexation on photochemical E (trans) to Z (cis) 
isomerization. Photostationary state composition of isomers upon irradiation under 
direct irradiation and complexation with Ca(ClO4)2, triplet sensitization, quantum 
yield of isomerization, complexation properties with Ca(ClO4)2 and fluorescence 
properties were studied. Anomalous increase in the quantum yields of the 
photoisomerization is observed upon photo irradiation in the presence of Ca(ClO4)2. 
This increase was attributed due to formation of chelating bond between the metal 
cation and the oxygen and/or nitrogen atom of the azacrown ether moiety. 
Compounds 23-26 displayed E (trans) to Z (cis) isomerization from the singlet excited 
state upon irradiation. Triplet sensitization is also effective in bringing E-Z 
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isomerization. Fluorescence studies indicated that highly polarized/charge transfer 
nature of the singlet-excited state is involved in E (trans) to Z (cis) isomerization 
process.   
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Chart 1 
Results 
The synthesis of aza crown ether was initiated from commercially available 
triethelene glycol 20. Compound 20 was protected with tosyl group to give 21 in 88 % 
yield. The diprotected alcohol thus obtained is treated with diethanolamine in the 
presence of dry sodium to give product 22 (Scheme 12). Aryl acrylic acids were  
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Scheme 12.  Synthesis of lariat aza crown ethers. 
Reagents and conditions: (i) TsCl, Et3N, CHCl3, 0oC-rt, 4h, 88%. (ii) 
HN(CH2CH2OH)2, tBuOH, Na, dioxane, 40 oC, 60 %. (iii) ArCH=CHCO2H, DCC, 
DMAP, dry DCM 70 %. 
 
prepared by adopting Doebner modification of Knoevenegal reaction  (Scheme 12). 
Aza crown ether 22 thus obtained was allowed to react with aryl acrylic acids (19a, 
19b, 19c) under Steglich esterification conditions to get corresponding lariat aza 
crown ether (70 % yield). 
Spectroscopic studies of lariat aza crown ethers: 
To understand the ground state and excited state properties of lariat aza crown 
ethers, UV-visible absorption spectra, 1H-NMR and fluorescence spectra were 
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recorded for all the compounds (23-26, 23Z-26Z) in various organic solvents such as 
hexane, chloroform, acetonitrile and methanol. The absorption data indicated that 
compounds 24 and 25 exhibited moderate solvent induced red shift. 
 
 
 
 
 
 
 
 
Figure 4            Figure 5 
 
 
 
 
 
 
 
 
                     Figure 6                                        Figure 7 
 
Figures 4, 5, 6, & 7: UV Spectral changes of compound 23, 24, 25, 25 & 26 upon 
addition of Ca(ClO4)2.  
 
UV-visible absorption spectra were recorded upon addition of Ca(ClO4)2, Mg(ClO4)2, 
Sr(ClO4)2, and Ba(ClO4)2 to understand the ground state interactions of lariat aza 
crown ethers with metal cations. Among all the perchlorates studied, Ca(ClO4)2 
exhibited significant effect and the same was used for all the studies. Compound 23, 
24 and 25 displayed a change in the absorption with bathochromic shift upon addition 
of Ca(ClO4)2 (Fig 4-6). This observation clearly indicates that the system is moving 
from one state (free state) to another state (complex state). A slight noticeable change 
in the absorption or bathochromic shift is observed for compound 26 upon addition of 
metal perchlorate (Fig 7).  
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Photoisomerization studies were carried out for the synthesized lariat aza crown 
ethers (23-26) in different organic solvents of varying polarity viz, benzene, 
acetonitrile and methanol to understand the effect of solvent polarity on 
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Scheme 13. Photoisomerization of compounds 23-26. 
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Figure 8              Figure 9 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.               Figure 11  
Figures 8a, 9a, 10a, 11a: 1H-NMR spectra (300 MHz, CDCl3 solvent) of compounds 
23, 24, 25 & 26 upon direct irradiation; Figures 8b, 9b, 10b, 11b: 1H-NMR spectra of 
compound 23, 24, 25 & 26 upon irradiation using Ca(ClO4)2.  
 
photochemical E-Z isomerization. All the four compounds 23-26 underwent 
photoisomerization upon direct irradiation producing cis as well as trans compounds 
(Scheme 13) in the three solvents and the photostationary state composition was 
determined by reverse phase HPLC. Perusal of the study revealed that the conversion 
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of cis isomer for compounds 23-26 is increased upon irradiation from less polar 
benzene to high polar and protic solvent methanol. 
Photostationary state composition by 1H-NMR 
Photoisomerization of compounds 23-26 displayed interesting aspects and to 
analyze the isomer composition by 1H-NMR all the four compounds (23-26) were 
irradiated in acetonitrile solvent. Perusal of the results revealed compounds 23-26 
upon direct irradiation less percentage of cis conversion is noticed and upon 
complexation the photoisomerization rate is increased. (Fig 8-11). Compound 25 
exhibited 100 % cis conversion upon complexation (Fig10b). 
Triplet Sensitized Isomerization 
Triplet sensitized isomerizations were conducted to differentiate the 
involvement of the singlet/triplet excited pathway (Scheme 14). Triplet sensitizers 
utilized in this study vary in their triplet energy, such as benzil (TE = 53 K.cal/mol), 
1-acetonaphthone (TE = 57 K.cal/mol), 2-acetonaphthone (TE = 59 K.cal/mol), 
Fluorenone (TE = 50 K.cal/mol), Benzanthrone (TE = 47 K.cal/mol) etc. The 
photostationary state composition was determined by reverse phase HPLC. The 
results highlight that the formation of Z isomer for 23 is more favored upon utilizing 
1-acetonaphthone as sensitizer and for 25 it is less favored under these sensitized 
conditions compared to direct irradiation conditions.  
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Scheme 14. Photoisomerization of lariat aza crown ethers by triplet sensitizers. 
 
Spectroscopic studies of cis and trans isomers of lariat aza crown ethers (23-26 & 
23Z-26Z) 
Fluorescence spectra were recorded for all the trans and cis isomers (23-26 & 
23Z-26Z) in various solvents (Fig 12-17) differing in their polarity to understand the 
excited state properties. The compounds 24-26 and its cis isomers exhibited dual 
emission of fluorescence and the charge transfer excited state is especially evident in 
polar solvents (Fig 12-17). A dramatic change in the fluorescence behavior is 
observed upon changing the non-polar solvent hexane to polar solvent 
acetonitrile/methanol. Quantum yield of fluorescence is determined and the results 
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indicated that quantum yield of fluorescence is decreased with increase in the solvent 
polarity. 
 
 
 
 
 
 
   
 
 
 
 
Figure 12              Figure 13 
 
 
 
 
 
 
 
 
 
 
Figure 14             Figure 15 
 
 
 
 
 
 
 
 
 
Figure 16            Figure 17 
 
Figures 12, 13, 14, 15, 16 & 17: Fluorescence solvatochomism exhibited by 
compounds 24, 24Z, 25, 25Z, 26 & 26Z 
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The complex formation property of compounds 24, 25, 26, 24Z, 25Z and 26Z 
were studied with Ca(ClO4)2 (Fig 18-23). Compounds 24 and 25 exhibited  
Figure 18            Figure 19 
Figure 20            Figure 21 
Figure 22            Figure 23 
Figures 18, 20, 22: Fluorescence spectral changes of compounds 24, 25, and 26 
(trans compounds) at various concentrations of Ca(ClO4)2. Figures 19, 21, 23: 
Fluorescence spectral changes of compounds 24Z, 25Z, and 26Z upon addition of 
Ca(ClO4)2. 
 
fluorescence quenching (Fig22-23) upon addition of metal perchlorate. The 
association constant is calculated for compounds 24, 25, 26 and its cis isomers. 
Perusal of the generated data revealed that compounds 24Z, 25Z and 26Z exhibited 
higher association compared to its trans isomers. 
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1H-NMR studies of complexed and uncomplexed 25 and its cis isomer (25Z) 
1H-NMR spectra for compounds 23-26 and its complex with Ca2+ cation were 
recorded. Perusal of 1H-NMR spectra of complex (23Z-26Z) indicated that aromatic 
protons were deshielded and ethylene protons of aza crown ether also deshielded and  
               Figure 24.              Figure 25 
 
Figure 24 a) 1H-NMR spectrum (400 MHz, CD3CN solvent) of compound 25Z; b) 
1H-NMR spectrum (400 MHz, CD3CN solvent) of compound 25Z upon complexation 
with Ca(ClO4)2; Figure 25. a) 1H-NMR spectrum (400 MHz, CD3CN solvent) of 
compound 25; b) 1H-NMR spectrum (400 MHz, CD3CN solvent) of compound 25 
upon complexation with Ca(ClO4)2 
 
appeared as broad singlets. In the complexed 1H-NMR spectra, of compound 25Z (Fig 
24b) the signals of the aza crown ether protons were broadened and shifted to lower 
fields (+0.20, +0.14 ppm, respectively) and appeared as two broad singlets upon 
complexation and aromatic protons also shifted to lower fields in comparison to the 
uncomplexed spectrum (Fig 24a). The protons corresponding to double bond also 
shifted to lower fields (+0.13, +0.16 ppm). Perusal of complexed spectral data of 
compound 25 (Fig 25b) revealed that upon complexation aza crown ether protons 
were deshielded (0.1 & 0.2 ppm) and appeared as three broad singlets and the 
aromatic protons appeared in the same region in comparison to its uncomplexed 
spectrum (Fig 25a). 
Discussion 
Photoisomerization 
The results of iiradiation in different solvents showed that the conversion of 
cis isomer for compounds 23-26 is increased upon irradiation in polar solvents, which 
clearly indicates that charge transfer/highly polarized excited state is involved in these 
photochemical E-Z isomerization reactions. The quantum yields of trans to cis 
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isomerization (23-26) is increased upon complexation with Ca(ClO4)2.  The increase 
in the quantum yield could be caused by the formation of chelating bond between the 
metal ion and oxygen and/or nitrogen atom on the aza crown ether moiety. These 
chelating bonds will cause molecular strain even in the transient or excited singlet 
state and promote photoisomerization from trans to cis.  
Absorption spectra 
Absorption spectra for 23-26 upon complexation with Ca(ClO4)2 is given in 
Fig 4-7. These compounds in trans form reveal absorption peaks in the range of 220-
275 and 280-400 due to pi→pi* and n→pi* transitions respectively. Compounds 23-25 
displayed a bathochromic shift upon complexation. When a carbonyl group is 
substituted by an auxochrome such as an amide as in 23-26 the energy of the pi* 
orbital will be raised and the energy of the n level of the lone pair is left largely 
unaltered. As a consequence the n→pi* transition of these compounds should be 
shifted to shorter wavelengths relatively to carbonyl compounds but the band around 
280-350 nm for compounds 23-25 is red shifted upon complexation with Ca(ClO4)2 
(Fig 4-6).
 
The reason could be attributed due to the chelation of Ca2+ cation with 
oxygen atoms as well as with the azo group of the aza crown ether moiety, thus 
engaging the lone pair of nitrogen atom not to participate in resonance with the 
carbonyl group. The magnitude of the shift reflects the interaction between the azo 
group and metal cation which indicates the stabilization of pi* energy level as a result 
of which the energy gap between n and pi* energy level decreases and the absorption 
takes place at longer wavelength region leading to a bathochromic shift. Since 
photoisomerization rates depend on the intensity of light and also on the absorption 
coefficient of the compound at a given irradiation wavelength, compounds 23-25 will 
have a relatively higher absorption of energy upon complexation than its cis isomers 
in comparison to the direct excitation leading to an increase in the photoisomerization 
rate. In contrast compound 26 did not show considerable spectral changes upon 
complexation (Fig 7), which indicates that, the energy gap between n and pi* energy 
levels is unaltered upon complexation. A moderate increase in the photoisomerization 
rate of compound 26 is noticed upon complexation because the absorption coefficient 
of compound 26 and its cis isomer 26Z do not have much variation. As a result of this 
clearly indicates that charge transfer/highly polarized excited state is involved in these 
photochemical E-Z isomerization reactions. The quantum yields of trans to cis 
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isomerization (23-26) is increased upon complexation with Ca(ClO4)2.  The increase 
in the quantum yield could be caused by the formation of chelating bond between the 
metal ion and oxygen and/or nitrogen atom on the aza crown ether moiety. These 
chelating bonds will cause molecular strain even in the transient or excited singlet 
state and promote photoisomerization from trans to cis.  
Fluorescence studies 
Charge Transfer Nature of the Singlet Excited State 
To understand the mechanism and the involvement of charge transfer/highly 
polarized singlet excited state, fluorescence was recorded for 24, 25, 26 and its cis 
isomers at room temperature in different organic solvents of varying polarity viz 
hexane, chloroform, methanol, and acetonitrile (Fig 12-17). A bathochromic shift was 
observed for compounds 24, 25 and its cis isomers in fluorescence upon recording in 
non-polar hexane to polar acetonitrile and methanol. Figures 12-17 shows the 
fluorescence solvatochromism exhibited by compounds 24, 25, 26, 24Z, 25Z and 26Z. 
Interestingly, the dual fluorescence emission behavior of these compounds is 
especially evident when the fluorescence spectrum was recorded in polar acetonitrile 
and methanol solvents, where charge transfer excited state is affected by showing 
bathochromic shift with solvent polarity and the other locally excited state is 
unaffected. Compound 25 exhibited structured fluorescent emissive bands at 342, 356 
374 and 391 nm (Fig 14) in hexane corresponding to locally excited state and charge 
transfer excited state, and in polar solvents such as methanol and acetonitrile a 
bathochromic shift of 29 nm is noticed. Compound 25Z exhibited a broad emissive 
band in hexane at 354 nm corresponding to locally excited state and a red shift of 45 
nm (Fig 15) is noticed in polar methanol solvent. Compound 26 and its cis isomer 
(26Z) exhibited similar pattern of emission. Both the compounds (26 & 26Z) 
displayed broad emission in non-polar hexane, (Fig 16 & 17) which indicates the 
existence of charge transfer excited state in non-polar solvent also and exhibited 
bathochromic shift with structured emission in polar solvents. A bathochromic shift of 
40 nm for compound 26 and a noticeable quenching of fluorescence emission in polar 
protic solvent i.e. in methanol  (Fig 16) is a good evidence for the existence of highly 
polarized/charge transfer excited state.  
Complex forming property 
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Perusal of the fluorescence studies revealed compounds 24 and 25 exhibited 
only bathochromic shift (Fig 18 & 20) and noticeable increase in the fluorescence 
intensity is not observed, but compound 24Z and 25Z exhibited a very good 
bathochromic shift along with enhancement in the fluorescence intensity (Fig 19 & 
21). The fluorescence enhancement upon addition of metal perchlorate is due to the 
generation of a new kind of a host molecule in which the cation binding ability is 
originated from the cation-dipole interaction (crown moiety) and the cation–pi 
interaction (naphthalene ring). This diminishes the chance for the side arm and the 
crown ring to release vibrational and rotational energy through relaxation and 
oscillation. As a result, the fluorescence intensity is increased. The association 
constant calculated is compared for 24, 25, 26 and its cis isomers (24Z, 25Z & 26Z) 
and it revealed that cis isomers exhibited higher association, indicating that the 
aromatic ring enhanced the complexation ability of the azacrown ring. This result is 
unequivocally attributed to the cation–pi interaction. To investigate these cation–pi 
interaction, we carried out 1H-NMR studies.  
1H-NMR studies 
Perusal of the complexed 1H-NMR spectrum of compound 25 (Fig 25b) 
revealed that upon complexation with Ca(ClO4)2 the signals for the aza crown ether 
protons were shifted to lower fields and appeared as broad singlets and aromatic 
protons are unaffected. This clearly proves that Ca2+ is forming a complex with aza 
crown ether moiety and it is not interacting with aromatic moiety (naphthalene ring) 
but the signals for the aza crown protons in the complexed 1H-NMR spectrum (Fig 
24b) of compound 25Z (cis isomer of compound 25) were shifted to lower fields and 
appeared as two broad singlets and aromatic protons of naphthalene moiety also 
shifted to lower fields upon complexation with Ca2+. From these results, it is 
reasonably understood that the aza crown ether unit and ring current of naphthalene 
unit were significantly affected by the complexation due to cation dipole and cation–pi 
interactions.  
Fluorescence quenching mechanism 
Perusal of fluorescence titration’s revealed that the spectral changes of 
fluorescence emission of compound 24 and 25 (Figure 18 & 20) upon addition of 
Ca(ClO4)2 is due to complex formation, which is a static phenomenon, because the 
absorption property of 24 and 25 is also changed (red shifted) upon addition of metal 
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perchlorate (Figure 4-6), where as fluorescence quenching of compound 26 (Figure 22 
& 23) is due to dynamic quenching, because ground state interactions of fluorophore 
with cation is not observed upon addition of metal perchlorate (Figure 7). 
______________________________________________  
Chapter-2: Synthesis and Photochemical E to Z Isomerization, 
Photocycloaddition, Complexing Properties of Non-cyclic Polyether Compounds 
Containing α, ω-Diarylacrylate End Groups 
 
Chapter 2 deals with the synthesis of non-cyclic polyether compounds 
containing α,ω-diarylacrylate end groups (Chart 1) to study the photochemical E to Z 
isomerization, photocycloaddition and the effect of metal cation on the photochemical 
reaction. Photostationary state composition of isomers upon direct irradiation and 
triplet-sensitized isomerization, complexation properties of trans isomers with  
O
O
O
O O
OMe
O
Aryl
O
43c =
43b =43a =
43d =
Aryl =
Aryl
 
Chart 1 
alkaline earth metals cations and fluorescence properties were studied. Upon direct 
irradiation the compounds 43a-43d displayed E-Z isomerization from the singlet 
excited state. Triplet sensitization is also effective in bringing E-Z isomerization for 
compounds 43a-43c. Fluorescence studies indicated, highly polarized/charge transfer 
nature of singlet excited state is involved in the E (trans) to Z (cis) isomerization 
process. Compound 43c underwent photocycloaddition effectively upon irradiation in 
the presence of Ca(ClO4)2  and/or Ba(ClO4)2. 
Results and Discussion: 
Synthesis of non-cyclic polyether linked aryl acrylates 
The non-cyclic polyether linked aryl acrylates were prepared by Steglich 
esterification of tetraethelene glycol and aryl acrylic acids. Aryl acrylic acids were 
prepared by Doebner modification of knoevenegal reaction (Scheme 15). The 
synthesized compounds were characterized by spectral means such as 1H-NMR, 13C-
NMR, ESI-Mass, HRMS, and IR. 
 32 
 
 
 
CH2 (CO2H)2
OMe
R
CO2H
O
O
O
O
O
R
O
R
O
i
R-CHO ii
42a, 42b, 42c, 42d
42a R =
43a-43d
42b R =
42d R =42c R =
+
 
Scheme 15. Preparation of polyether compounds containing α,ω-diarylacrylate end 
groups. 
Reagents and conditions: (i) (a) pyridine, piperidine, reflux (b) H2O/HCl  (ii) tetra 
ethelene glycol, DMAP, DCC, 0 oC-rt. 
 
UV-visible absorption studies of compounds 43a-43d 
 
 
 
 
 
 
 
      Figure 26                                                                        Figure 27 
 
 
 
    
 
 
 
Figure 28            Figure 29 
Fig 26, 27, 28 & 29: UV spectral changes of compounds 43a, 43b, 43c & 43d upon 
addition of Ca(ClO4)2 
UV-visible absorption spectra of 43c-43d upon complexation displayed 
substantial change in the absorbance or bathochromic shift which clearly indicated 
that the system is moving from one state (free state) to another state (complex state) 
(Fig 26-29). The synthesized non-cyclic polyether linked aryl acrylates (43a-43d) 
were carried out photo isomerization in different organic solvents of varying polarity 
viz, benzene, acetonitrile and methanol to understand the effect of solvent polarity on 
photochemical E-Z isomerization. Compounds 43a-43d produced a mixture of 
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isomers EE, EZ and ZZ upon irradiation (Scheme 16). The photostationary state 
composition was determined by reverse phase HPLC and 1H-NMR (Fig 30-33).   
Photoisomerization of compounds 43a-43d upon direct irradiation 
 
Scheme 16 
 
 
         
Figure 30                                               Figure 31 
 
 
 
 
 
 
             Figure 32                          Figure 33 
Figures 30a, 31a, 32a & 33a: 1H-NMR spectra of compounds 43a, 43b, 43c & 43d;  
Figures 30b, 31b, 32b & 33b: 1H-NMR spectra of compounds 43a, 43b, 43c & 43d 
upon direct irradiation in methanol. 
Photoirradiation upon complexation 
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